Many workers have shown that the cardiac output in normal man is less in the upright than in the recumbent position (McMichael and SharpeySchafer, 1944; Stead et al., 1945; Coe, Best, and Lawson, 1950; Wang, Marshall, and Shepherd, 1960; Chapman, Fisher, and Sproule, 1960; Reeves et al., 1961) . The physiological events underlying this change are complex and depend on many variables, such as the angle of tilt and length of time the patient remains at a given angle and whether the change is from recumbency to an upright position or vice versa. Posture and its relation to cardiac output here becomes increasingly important with the introduction of hypotensive drugs. The purpose of this study was to determine the relation ofthe angle oftilting to the changes in cardiac output, blood pressure, and pulse rate in normal man.
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The total dose to any subject did not exceed 5 mg./kg. body weight.
Where possible, 9 relative cardiac output determinations were made at intervals of 7 minutes; 3 were made at recumbency, 3 at a given angle of head-up tilt, and 3 after return to recumbency. The tilt positions were 100, 20°, 300, 400, 55°, and 600. Each subject was tilted to only one of these positions. A tilt table with a foot board was used in all procedures. The level of arterial pressure was determined by auscultation. Figure 1 shows a representative series of earpiece dye-dilution curves. Since all injections of dye were of equal quantity, the area beneath each (extrapolated) curve is proportional to the reciprocal of the cardiac output. In the example shown here, the increase of area at the tilt position indicates that the cardiac output has fallen 31 per cent compared with the average of the control values.
RESULTS
The hemodynamic changes associated with tilting to either 100, 200, 300, or to between 40 and 600, are shown, respectively, in Tables I, II, III, 100, 200, 300 , and between 400 and 600, respectively (Fig. 6) . These changes were all significant (p < 0.05). (Coe et al., 1950; Stead et al., 1945) in subjects who were tilted from the horizontal to 300 and 70°, respectively. In two other studies where the subjects first lay flat and then stood relaxed, the fall in average cardiac output was 19 per cent and 20 per cent (Wang et al., 1960; Chapman et al., 1960) .
The present investigation adds to the earlier results in that the effects of the length of time in the tilt position, the degree of tilt, and the changes associated with returning to the recumbent position after tilting have been studied.
The results show that a fall in cardiac output occurred during the first 7 minutes of tilting to the head-up position and then became stable and did not change during the remaining 15 minutes of the tilt period.
When compared with the pre-tilt recumbent values, the average cardiac outputs at 100, 200, and between 300 and 600 were decreased 5, 17, and 19 per cent, respectively, and it may be concluded from these data and from those of the previous studies that the decrease in cardiac output in normal man, associated with passive tilt to an upright position, tends to reach its maximum at 200 with little further decrease between 200 and 900, and that most of the decrease occurs between 100 and 200. The change from recumbency to upright positions is accompanied by a partial redistribution of blood volume to the dependent parts of the body, and it is generally accepted that this is the cause of the decrease of cardiac output, since it is associated with a fall of atrial pressure and slower diastolic filling of the ventricles (Sjostrand, 1952; Sieker and Gauer, 1957 (Sarnoff et al., 1960 ).
The data in Table I show the difference between the time necessary for the cardiac output to decrease on changing from recumbency to an upright position and for it to increase to its pre-tilt control value after return to the recumbent position. The decrease in cardiac output occurred within 7 minutes after tilting to a head-up position, but even between 11 and 25 minutes after the return to recumbency, the average cardiac output was still 13 per cent below the pre-tilt control value.
It is well established that a change from recumbency to the vertical is accompanied by an increase in heart rate and diastolic pressure with little or no increase in systolic pressure (Hellebrandt and Franseen, 1943) . These changes occurred in our series in the subjects tilted to positions between 400 and 600. On the other hand, the changes of heart rate and diastolic pressures were not correlated with the magnitude of the fall in cardiac output when subjects were tilted to lesser angles. Although the cardiac output was nearly maximally decreased at 200 tilt the average heart rate did not significantly increase until the 300 position and then continued to increase with further tilting. The diastolic pressure, however, was increased at 100 of tilt. It may well be that the reflexes associated with control of diastolic pressure are more active at lesser degrees of tilt than those responsible for the increase in cardiac rate.
SUMMLARY
The effects of different angles of head-up tilting on cardiac output, heart rate, and arterial blood pressure have been studied. The results show that when normal subjects are placed at head-up tilt positions of either 100, 200, 300, 400, 550, or 600, the major change of cardiac output occurs between 100 and 200 and there is little change on further tilting to 600. On return to recumbency, there is a delay of at least 11 to 25 minutes before the cardiac output reaches the level recorded before tilting. The changes in heart rate and systemic blood pressure do not correlate with the magnitude of the decrease in cardiac output. Although the cardiac output does not fall further when the subject is tilted beyond 200, the stroke output continues to fall up to 600. pressure in normal man. cardiac output, heart rate, and blood
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